Grain yield is a complex quantitative trait, because its expression is associated to the large number of genes with small effect. In addition, there is interaction among different yield components and environment effect, making difficult the direct selection of genotypes. The most viable alternative for wheat breeding programs, an autogamous plant, is use artificial crosses in order to obtain superior genotypes. Hybridization after use of successive self-fertilizations results in segregating populations, which reveal the genetic variability, especially when the parents are genetically different. Therefore, it is important to know genetic relationships between crosses, which will serve as reference for decision making in the choice of combinations. Therefore, general combining ability (GCA) and specific combining ability (SCA) are used, which facilitate choice of the best parents to compose crossover block. In addition to these parameters, path analysis can be used to determine importance of primary and secondary traits and to guide indirect selection of promising genotypes by means of interest traits.
Introduction
In quest for greater yields, wheat breeding programs tend to identify combinations ability and associations between yield traits, in order to facilitate selection of genotypes with the desired trait. In addition to productivity, quality is a desired trait aiming at higher industrial yield (Vesohoski et al., 2011) . It is known that grain yield is considered a quantitative character of high complexity, due to its influence by several genes and to be involved by combination of numerous components, making it difficult the direct selection of genotypes by low heritability that it presents (Silva et al., 2005; Gondim et al., 2008) .
Thus, correlation knowledge among traits is of great importance for the genetic improvement, making it possible to quantify how much a trait can influence others and to determine traits for indirect selection of genotypes. Phenotypic correlation between traits is little used in plant breeding because it is result between environmental with genetic factors interaction. However, genetic correlation presents satisfactory results considering only traits with high heritability allowing its use in breeding programs (Oliveira et al., 2007) . Path analysis is a technique that is widely used in breeding programs, helping to select most viable methods for selecting individuals by estimating the direct and indirect traits influences on a main trait (Hartwig et al., 2007) .
Wheat Breeding
Wheat breeding in Brazil began in 1914 with the chemist Jorge Polysú. High wheat prices on the world market, between the first and second world war, forced Federal Government to take measures to increase national production. Polysú selected several lines, in Tirol-Paraná, coming seeds from Guaporé-Rio Grande do Sul. These were known as Polysú Lines and were extremely important for wheat breeding in southern Brazil. Soon after, the cultivar PG1 was launched from Polysú Lines.
In 1938, with the creation of the Passo Fundo Experimental Station, the work of the Ministério da Agricultura in Rio Grande do Sul was resumed. In 1943, the o Instituto Agronômico do Sul-IAS was established, based in Pelotas, RS, incorporating the Experimental Stations of Pelotas and Passo Fundo, in Rio Grande do Sul; of Caçador River in Santa Catarina; and those of Ponta Grossa and Curitiba, in Paraná. Subsequently, wheat breeding in Brazil continued to be carried out by government agencies, parastatal institutions and private companies. In 1973, the Empresa Brasileira de Pesquisa Agropecuária (Embrapa), was founded. In 1974, the Centro Nacional de Pesquisa de Trigo-CNPT was set up at the Passo Fundo Experimental Station (Scheeren et al., 2011) .
Basically, wheat breeding programs around the world work with aim to selecting for grain yield. For this, breeders adopt selection strategies through highly correlated traits with grain yield in segregation generations. Subsequently, when genetic material reaches a good level of homozygous and significant amounts of seeds, field trials are performed with replicates in different environments. However, in the more developed countries new techniques such as molecular genetics and cytogenetics are being studied to facilitate breeders work (Rauf et al., 2015; Drikvand et al., 2013) .
Currently, most wheat breeding programs in Brazil combine efforts to obtain genotypes with tolerance to soil acidity, resistance to major wheat diseases, improvement of the agronomic type, productive potential and technological quality. These breeding programs seek the creation of cultivars with good agronomic and industrial performance (Oliveira Neto & Santos, 2017) .
Grain Yield of Wheat
Grain yield potential of crops is a very complex quantitative trait, depending on the plant's ability to produce, translocate and store carbohydrates in the grains (Sleeper & Poelman, 2006) . In this way, the genetic bases that involve grains yield of wheat, reveal greater difficulty because its expression is associated to a large number of genes with small effect, consequently, greater difficulties in the direct selection, due to the interaction among different components and environment effect.
The grain yield in wheat is determined by several components, such as number of spikes per plant, number of spikelets per spike, number of grains per spike and spikelet and average grain weight, which are strongly influenced by genetic factors and environment (Cruz et al., 2003) . These components are distinctly associated with changes in the environment, either by stimuli or stress, a fact that may or may not result in changes in wheat yield (Fioreze, 2011) .
In the world, wheat genetic breeding programs have shown great advances in grain yield over the years. China achieved an average increase in productivity of 1% per year in the period from 1945 to 2010, which represents a gain of 66 kg ha -1 year -1
, and the grain and ear weight were main components responsible for increase in grain yield (Wu et al., 2013) . The evolution in control of pests and diseases minimized consequent losses in the grain yield of wheat. Effective disease control in Sweden led to gains in productivity from 6.000 to 12.000 kg ha -1 in period from 1983 to 2005, mainly associated with the increase in number of grains and weight of thousand grains (Wiik, 2009 ). In addition, grain yield is maximized with nitrogen application, with rates and time correct (Daba, 2017) .
Segregation in Crossings
Autogamous species are characterized by high self-fertilization rate (Carvalho et al., 2008) . Due to this fact, use of artificial crosses in breeding programs in this type of species becomes an important resource in order to obtain superior genotypes that attend needs of industries and consumers. This process of "hybridization" results in highly heterozygous genotypes, which, after successive self-fertilization, result in segregating populations (F 2 , F 3 , ...) until they present a high level of alleles in homozygotes (Baldissera et al., 2014) .
Breeding programs that use hybridization technique as a tool to increase variability, direct their efforts in selection of segregating populations, since they reveal genetic variability, especially when parents are genetically different (Santos et al., 2001; Benitez et al., 2011) , thus increasing the possibility of selecting transgressive genotypes for interest trait (Vieira et al., 2005) .
Transgressive segregation for quantitative and qualitative traits is evidenced when progeny reveal larger magnitudes than both parents for interest traits, provided by recombination and gene rearrangement, observed from generation F 2 (Carvalho et al., 2008) .
The quantitative traits represent most of agronomic interest traits, and are characterized by continuous distribution. Segregation of genes involved in the inheritance of this type of trait may not be followed individually, as it is controlled by many genes (Falconer, 1981) . These traits are extremely important for genetic improvement, since they make it possible to obtain estimate of variance components, and allow analysis of structure and genetic potential of segregating population (Ramalho & Vencovsky, 1978) .
Diallel Analysis
Strategies adopted in breeding programs depend on the genetic analysis of interest traits, since they lead to a better understanding of genetic relationships of the strains involved in crosses. The diallel crossings are useful for prediction the best combinations among parents and segregating populations (Valerio et al., 2009; Baldissera et al., 2012) .
The researchers Sprague and Tatum (1942) , Hayman (1954) , and Griffing (1956) proposed diallel crossing concept, as recombination of available genetic variability within the program, occurring combination among all the parents, where from n parents it is possible to obtain n 2 combinations.
Diallel crosses are classified by Cruz and Regazzi (1994) in balanced or unbalanced, complete, partial, circulating and unbalanced. Among these, the most applied are those proposed by Griffing (1956) , in which the effects and sums of squares of general and specific combining ability effects are estimated. Methodology proposed by Gardner and Eberhart (1966) , in which evaluated effects of variety and varietal heterosis, and the one proposed by Hayman (1954) , which generates information about the basic mechanism of inheritance of trait under study, the genetic values of the parents used and the limit of selection.
Griffing method (1956) is the most used, since genotypes can range from clones to pure lines, as well as being easy to analyze and interpret (Viana, 2000) . Griffing (1956) systematized a diallel analysis methodology in which the "p" possible genotypes can be distributed in a p x p table and divided into three groups: (a) p parents, The main restriction of complete diallel crosses is exposed when there is a large number of parents involved, resulting in a large number of hybrid combinations to be evaluated, reflecting a high cost, which in many cases may be a limiting factor to the program (Veiga et al., 2000; Carvalho et al., 2004) . However, if the researcher's objective is to cross a set of genetic constitutions with another set of lines, the partial diallel crossing is employed.
Dialelic analysis is used to estimate general combining ability (GCA) and specific combining ability (SCA) (Cruz & Regazzi, 1994) , and from these, to estimate the genetic parameters useful in selection of parents for hybridization, such as identification of genetic actions of control of traits, identifying also the best combinations of the lineages to be used as male parent and female parent (Verncovsky, 1987; Bernini & Paterniani, 2012) .
Combination Capacity
In genetic improvement is important to know genetic relationships between crosses, which will serve as a reference for decision making in choice of combinations. In this context, diallel analysis is used to estimate effects of overall capacity and specific combining ability (Cruz & Regazzi, 1994) . This methodology was firstly created and widely used in maize breeding, later it began to be used in autogamous species, being efficient to detect genetic differences between lines and their allocation in heterotic groups (Han et al., 1991; Gonzalez et al., 1997; Terron et al., 1997) .
For Sprague and Tatum (1942) and Vencovsky (1987) general combining ability is associated with additive effect genes, being defined as average behavior of a lineage in hybrid combinations. This parameter is essential in breeding programs, since from it is possible to indicate the best crosses and select parents to integrate crossing blocks. The specific combining ability is estimated as deviation of crossover behavior from what would be expected, based on general combining ability of the parents. ECA is related to the non-additive gene effects, behavior that leads certain combinations to be higher or lower than average of the involved lines.
According to Krystkowiak et al. (2009) , the choice of suitable parents is the main step to obtain new cultivars from hybridization. For this, parents identification with high specific combining ability for desired agronomic and industrial parameters is fundamental for breeding program to reach progenies of F1 with high level of heterosis.
In addition to these two parameters, other information is available when the diallel has reciprocal crosses of hybrids (REC), that is, it is possible to indicate which genotype should be used as male parent or as female parent in a hybrid combination, according to the as well as its performance as a donor or as a pollen recipient (Baldissera et al., 2012; Rocha et al., 2014 ). Griffing's combining ability analysis does not require genetic assumptions (Christie & Shattuck, 1992) . Since it was proposed, it has been widely used by plant breeders and has provided reliable information on the potential for parenting combination (Viana, 2000; Pimentel et al., 2013) . It is the most used technique, mainly in function of its generality, since parents can be pure lines, considering also facilities of analysis and interpretation (Pagliosa, 2012) .
Correlation Among Traits
Study of correlations among traits is essential for genetic breeding, since the improvement of a particular population or genotype is directed to traits set in a joint way. This makes the estimation of correlations among traits used in order to establish adequate selection strategies (Vencovsky, 1987) . The importance of the correlations for genetic breeding is justified by three main aspects: by connection with genetic causes, through pleiotropic action or genetic linkage; by connection with changes made by selection and by connection with natural selection (Falconer, 1981) .
The existence of correlation among traits is crucial for breeder, because it indicates changes applied to a specific trait may cause changes in another trait. These associations quantify the possibility of indirect gains by selection, where low-heritability traits have the most efficient selection when performed on traits that are correlated with it, and which present greater heritability and ease of measurement (Cruz & Regazzi, 1997) .
Correlation is the measure of linear association between two traits, the degree to which they vary together (Steel & Torrie, 1980) . Correlation is estimated by means of correlation coefficient, which quantifies degree of genetic and non-genetic association between two traits (Hallauer et al., 2010) . The coefficient of correlation, is a dimensionless parameter, which varies from -1 to +1, where the coefficient equal to zero does not imply a lack of relation between two traits, only reflects the absence of a linear association between them (Cruz & Regazzi,1997) .
In the interpretation of correlations between traits, magnitude and sign must be considered, and the magnitude indicates existence of a linear relationship among the traits studied, and the sign indicates if both traits are influenced together positively or in the as one trait increases, the other is negatively influenced, reducing its expression (Cruz, 2012) .
The correlation between traits can be considered as an indicative of indirect selection, which consists of the selection applied to another trait, other than the main trait to be improved, which is called a secondary trait. Falconer (1981) pointed out several conditions to obtain efficiency in indirect selection by correlation, among them: that the heritability of selected trait must be greater than that of trait to be improved and genetic correlation between two traits should be high. However, this same author said that indirect selection will only be more efficient than direct selection in cases that concern technical difficulties, when applying direct selection in interest trait to be improved. These technical difficulties are related to precision in measurement of the trait, to the occurrence of desired trait in only one sex, while secondary trait can be measured in both sexes.
The phenotype of an individual is determined by its genetic constitution (genotype) and by environment effect, being the Phenotype (F) = Genotype (G) + Environment (E). Faced with this, phenotype is a result of joint action of genotypic and environment effects in which plant is exposed. The association between two traits can be directly measured in a group of individuals is denominated a phenotypic correlation. This is based on the measurement of phenotype, being influenced by two causes, first genetic and second environmental (Falconer, 1981) .
Phenotypic associations between two characters are important, because they allow to evaluate indirect selection viability, however, its use hasty form can lead to erroneous conclusions, reducing its practical applicability (Carvalho et al., 2004) . In this context, if the main trait has low heritability, phenotypic correlation is determined mainly by environment correlation. On the other hand, if trait presents high heritability phenotypic correlation is due to genetic correlation (Falconer, 1981) .
jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 5; 2018 Breeder needs to be aware of genotype changes in different environments and interaction level between genotype and environment, in order to efficiently select a genotype with desired agronomic parameters. In addition, it is necessary to quantify genotype and environment individual action and their interaction. With these three factors it is possible to estimate heritability of interest traits, knowing that higher heritability may selection easier of trait in question (Williams et al., 2008) .
Path Analysis
Path analysis was first described by Wright (1921) and used in 1923 in order to promote a better understanding of the associations among traits, due to the unfolding of the simple correlations. The methodology allows quantifying both magnitude and direction of associations among traits in a more complex way, revealing importance of the direct and indirect effects on dependent trait (Cruz et al., 2014 ).
This analysis is characterized by conferring associations that reveal cause and effect interrelationships on traits studied. In genetic breeding, the technique is used to determine importance of primary and secondary traits and to guide the indirect selection of promising genotypes, through of interest traits (Cruz et al., 2014) .
Path analysis is determined through a standardized coefficient that allows to correlate traits measured in different physical units, not presenting notations in their results (Cruz et al., 2014) . In genetic breeding, it seeks to identify traits that show high correlation with main trait, however, opposite direction between total correlation and its direct effects indicate absence of cause and effect association (Cruz et al., 2006) .
The knowledge of cause and effect relationships among allows breeder to understand the importance of each trait under expression of others, since indirect selection based only on linear association among traits may reveal modifications in desirable traits (Santos et al., 2000) .
However, path analysis is known to be based on multiple regressions involving many highly correlated characters. In this way, it is difficult to quantify individually relation of explanatory traits with dependent character, since traits contribute collectively, resulting multicollinearity. When this occurs, correlation coefficients generated by path analysis become unreliable, and adjustments must be made in correlation matrix (Olivoto et al., 2017; Stage et al., 2004) .
Conclusion
Wheat breeding improvement seeks to select superior genotypes of to meet the agronomic and industrial parameters. For this, interactions knowledge among components traits is important paramount for breeding programs success. Thus, methods are used to identify existence of correlation among traits to choose the best selection strategy. Among methods, it is worth noting path analysis, which allows to understand traits influence on grain yield of grains and choice for traits that indirect act with greater magnitude on interest traits.
